Acanthamoeba were isolated from a naturally occurring animal infection of granulomatous amebic encephalitis. The amebas were grown from lung lesions from a 1-year-old greyhound puppy, which was 1 of several dogs in a kennel that was affected by a progressive fatal neurologic and respiratory disease. The Centers for Disease Control, Atlanta, Georgia, confirmed the disease to be acanthamebiasis and specifically identified the amebas as Acanthamoeba culbertsoni by fluorescent antibody testing on brain tissue from the dog. The amebas were cultured initially on potato dextrose agar and on nonnutrient agar plates that were seeded with a lawn of nonpathogenic Escherichia coli. The isolate was then transferred to nonnutrient agar plates containing killed Enterobacter aerogenes and subsequently to axenic medium and cell cultures. The isolate was highly pathogenic by intranasal inoculation into 2-week-old mice.
Acanthamebiasis is an infection by a free-living ameba, Acanthamoeba, which was proven pathogenic in 1958 by Culbertson et al. 10, 11 The name granulomatous amebic encephalitis (GAE) was given to Acanthamoeba infections to differentiate this disease from another encephalitic amebic disease called primary amebic meningoencephalitis (PAM), which is caused by a closely related genus, Naegleria, 5, 27 The first reported free-living amebic infection was in 1965, and although believed to be caused by Acanthamoeba at the time of the report, it is now thought to have been caused by Naegleria. 14 The first confirmed human case of acanthamebiasis was not reported until 1972, 19 but other cases that occurred at earlier dates have been retrospectively diagnosed as Acanthamoeba infections. 22, 28, 39 Although the name granulomatous amebic encephalitis indicates an infection of the brain, Acanthamoeba infections usually involve the lungs as well as the brain. 18, 27 Multifocal granulomatous necrotizing meningoencephalitis and a multifocal necrotizing pneumonia are usually seen with human infections. 27 Acanthamebiasis is thought by some to be an opportunistic disease because infections have occurred more From the Athens Veterinary Diagnostic Laboratory (Bauer) commonly in debilitated or immunocompromised individuals. 16, 19, [24] [25] [26] 38 The clinical course of the disease in humans is usually prolonged, with an insidious onset and an extended course of weeks to months. 15, 27, 36 The pathogenesis of acanthamebiasis is still unclear, partly because the disease is commonly diagnosed late in the infection. Proposed routes of infection include inhalation of the organisms from the air or exposure of the organisms to the nasal cavity from swimming in contaminated water. 27 In the upper respiratory tract, the organisms can replicate and either infect the brain directly by migration up the olfactory nerves or indirectly by hematogenous spread from a primary lung infection. 24, 27, 36 Some reports have suggested hematogenous spread to the brain from external wound contamination. 17, 22, 33 Besides an encephalitis and pneumonia, Acanthamoeba can cause eye infection in humans, which is usually associated with soft contact lens wear. 30, 34 Therefore, extension of the organisms via the optic nerve from eye infections could be another possible pathogenesis of encephalitis. 20 Cases of acanthamebiasis in animals usually have been reported as individual isolated cases, 2, 12, 29, 32 but there are reports of multiple cases in greyhounds. 15, 18 Acanthamoeba have been isolated in a few human cases, 36 but there are no reports of isolation from animal infections. This report will describe 1) the methods and procedure of isolation of Acanthamoeba from infected lung tissue from a natural case of acanthamebiasis in a greyhound dog and 2) the pathogenic effect of this amebic isolate on mice. ratory disease. Hematoxylin and eosin (HE)-stained slides and paraffin-embedded tissue blocks of lung and brain from this animal were submitted to the Centers for Disease Control, Atlanta, Georgia, where species-specific fluorescent antibody testing identified the infecting organism as Acanthamoeba culbertsoni.
The fresh lung tissue was cultured for routine bacterial organisms on blood agar plates and on potato dextrose agar and then stored at -20 C. After microscopic diagnosis of free-living amebiasis, amebic cultures were performed on lung tissue. Because of the potential for human pathogenicity, amebic culture procedures were conducted in a biocontainment hood, and personnel performing the cultures wore appropriate protective clothing such as masks, gloves, and goggles. Before culturing for the Acanthamoeba, a small piece of the frozen lung tissue (approximately 2 x 2 cm) was thawed rapidly to 37 C in a sterile test tube containing 1 ml of Acanthamoeba saline solution (William Balamuth [WB] saline), finely sliced with a scalpel blade, and aspirated in and expressed out of a micropipette several times until the consistency was fluid. 37 Agar culture plates were prepared by making a 1.5% (w/v) nonnutrient agar with WB saline. The surface of the agar was coated with a nonpathogenic strain of Escherichia coli and allowed to dry in an incubator. A portion of the lung slurry was transferred to the center of the agar plates. The edges of the plates were then sealed with paraffin film, and the plates were placed in a 37 C incubator and examined daily for growth of the amebas by viewing the surface of the agar with an inverted microscope.
Subcultures were made by cutting an agar plug from the initial plate and transferring the inverted plug onto fresh nonnutrient agar plates that had been seeded with Enterobatter aerogenes, which had been killed by placement in a 60 C water bath for 1 hr. Edges of the plates were resealed as before with paraffin film, and the plates were again placed in a 37 C incubator and observed daily for amebic growth outward from the agar plugs. Subsequent axenic cultures were made in 75cm 2 tissue culture flasks containing either Acanthamoeba medium (proteose-yeast extract-glucose medium) or cell cultures of monkey kidney (Vero) cells. Cultures were transferred to the axenic medium and to the cell cultures by washing the agar plates on which the Acanthamoeba were proliferating with WB saline and gently freeing the amebas from the agar with a bent glass rod. The solution containing the amoebae was centrifuged at 200 x g and washed 3 times with WB saline before inoculation into the Acanthamoeba medium or cell culture. Aliquots from the Acanthamoeba medium were inoculated into Vero cell cultures in Earle's medium with 5% (v/v) fetal bovine serum added and incubated in a 5% CO, moist chamber at 37 C.
Organisms cultured on potato dextrose agar plates were prepared for electron microscopic examination by fixing in modified Kamovsky's fixative, postfixing in 1% (w/v) osmium tetroxide, and embedding in Spurr's low-viscosity resin. Sections (1 µm) for light microscopy were stained with toluidine blue, and 60-90-nm-thick sections were stained with uranyl acetate and Reynold's lead citrate for observation on an RCA EMU4 electron microscope (50 kV).
Six 2-wk-old suckling white mice were obtained from a local vendor for pathogenicity testing of the virulence of the Acanthamoeba isolate. These mice were anesthetized with ether and inoculated intranasally with 50,000 Acanthamoeba trophozoites obtained from axenic culture in the log phase of growth. The mice were housed in an isolation facility and examined daily for signs of disease.
Results
On potato dextrose agar, the amebas grew as individual colonies, which were hazy tan to gray and slightly raised above the surface of the agar. The amebas failed to grow on blood agar plates. On nonnutrient agar plates seeded with bacteria, the amebas started to grow within 24-48 hours. The amebas grew as an expanding ring around the central inoculum and cleared the bacterial lawn as they proliferated. A similar expanding ring consisting of a dense band of amebas also occurred in subcultures, extending outward from the inverted plug of agar that had been placed in the center of the nonnutrient agar plate. In the area of the expanding ring, the amebas were in a dense band that left behind individual amebas; these soon encysted in the cleared portion of the plate. The band of amoebae proceeded in a slowly moving wave toward the edges of the plate until the bacterial food source was exhausted. The process of clearing of the bacteria depended on the concentration of the bacterial lawn but usually took between 3 and 5 days on 100-x 15mm petri plates. After the food source was expended, the amebas encysted.
In the Vero cell culture, cell disruption was first detected after 48 hours. The Vero cells became rounded and were hard to distinguish from the Acanthamoeba trophozoites and cysts. No trophozoites were detected until after 48 hours, when there was substantial loss of the cell sheet. At 7-10 days, the cell sheet was more than 75% destroyed. The Acanthamoeba trophozoites were easily recognized and attached to the bottom of the cell culture flask.
Electron microscopic examination of the colonies growing on the potato dextrose agar revealed only the cystic form of the organism (Fig. 1) . These cysts ranged from 8 to 9 µm in diameter and were characterized by a double wall and a condensed protoplasm. The outer wall (exocyst) was thicker and more electron dense than the inner wall (endocyst). The exocyst was composed of closely packed fibrillar material, and the endocyst consisted of a loosely compacted, thin fibrillar network. The exocyst and endocyst were separated by a clear space, which was traversed by a few widely separated fibrils. The cyst wall contained 1-3 ostioles or pore-like foci, which were covered by operculae. The amebic organism within the cyst wall had a condensed cytoplasm that contained a moderate number of lipid droplets and vacuoles, which were interpreted to be autolvsosomes containing electron-dense debris. A prominent large nucleus (approximately 2.27 µm in diameter) was noted in the central portion of the cystic organism. A nucleolus was sometimes noted, which averaged 0.63 µm. Mitochondria were round to oval and rarely dumbbell shaped.
All mice inoculated with Acanthamoeba were noted to be shivering by the first day postinoculation (Pi). By the third day PI, the mice huddled together and would not move when prodded. Several of the mice developed neurologic signs, and others were found dead in the cage. Some mice were severely shaking and acted as if disoriented with aimless movement about the cage. One mouse intermittently stood on its hind feet, had torticollis and head tilt, was tremoring and excitable, and hopped when prodded. By 5 days PI, 2 more mice had died, and another mouse was moribund and was euthanized. The mice were necropsied and examined microscopically, and amebic cultures of brain and lung were performed ( Table 1 ). The primary gross lesions of these mice were malacia of the brain, especially the cerebral cortex, and consolidation of the lungs. Histopathologic lesions consisted of bronchopneumonia, especially in the hilar regions. The pneumonic infiltrate consisted predominately of mononuclear inflammatory cells, which were mostly lymphocytes and macrophages. Acanthamoeba were noted in the lung lesions (Fig. 2) . Acanthamoeba was isolated from the brain and lungs of 2 mice, which were used entirely for isolation of the ameba. The sixth mouse died during the night, was cannibalized by the dam, and was not available for study. The dam was kept for 6 additional days for observation and then euthanized. No clinical signs or gross lesions were observed in the dam. Amebic cultures of the brain and lung from the dam were negative.
Discussion
Acanthamoeba exist in 2 forms (trophozoites and cysts) in the environment and within the diseased organ tissues. The free-living form, the trophozoite, lives on bacteria and possibly other microorganisms and replicates by normal binary fission. 15, 27 The cyst can withstand adverse environmental conditions such as freezing or desiccation and possibly the host's immune response. 7, 8, 13 Although Acanthamoeba infection has been more often reported in humans, a few natural cases in animals have been cited. 2, 15, 29, 32 These animal cases are most often single animal infections. Diagnosis of acanthamebiasis is especially difficult because the disease mimics other infectious diseases, and Acanthamoeba are not easily detected in samples such as cerebrospinal fluid (CSF) or biopsy tissue from infected individuals. 27 Furthermore, Acanthamoeba fail to grow in routine cultures for bacteria, and although the amebas sometimes grow in viral cell cultures, the cytopathic effects are often mistaken for those of viral disease.' Because of the difficulty in detection of the organisms, the diagnosis is often made at postmortem by detection of the organisms in tissues. 3, 16, 17, 19, 24, 33 Freeliving amebas have been isolated from several domestic animals but never from the lungs or central nervous system. 21 One such isolate, identified as Hartmannella vermiformis, was isolated from bronchial mucus of a dog, but this isolate was nonpathogenic by intracerebral inoculation in mice and probably represents a contaminant rather than a pathogenic organism. 21 due primarily to infiltrating lymphocytes and macrophages.
Positive culture for Acanthamoeba was accomplished from infected lung tissue from a greyhound that had died from acanthamebiasis. The trophozoite forms of the amebas were recovered by inoculating lung onto nonnutrient agar plates that had been coated by a layer of bacteria. This technique has been described for use in culturing free-living amebas from suspected human cases and as a diagnostic technique for CSF analysis for the presence of free-living amebas. 6, 8, 9, 27, 35 The amebas can survive on either live or killed bacteria. 6, 11 The bacteria provide a food source for the proliferating amebas and also provide the necessary environmental conditions or factors necessary for excystment. 8 Only the cyst forms of Acanthamoeba were recovered from the potato dextrose agar, probably because of rapid exhaustion of the small amounts of food sources present within the inoculum. The lack of an extensive food source is also believed to be the reason why the amebas failed to spread evenly across the potato dextrose agar as they did across the agar covered with bacteria. The amebas subsist on the bacterial food source and encyst upon encountering adverse conditions such as the lack of available food.
The ultrastructural characteristics seen within the cyst form of the isolate are consistent with previous descriptions of Acanthamoeba. 4 , 2 3 The isolate was able to cause a rapid fatal neurologic condition in mice, verifying that the species isolated was a virulent strain able to cause disease. Virulent species of Acanthamoeba are known to cause death in mice within 4-7 days when inoculated intranasally with the same dosage of organisms as used in this mouse inoculation study. 10, 11 Trophozoites are the infective form of the organism because inoculation of cysts has failed to cause disease. 9 The dam of the mice infected with Acanthamoeba failed to contract the disease and no organisms were detected from her tissues by culture techniques, possibly indicating that animal-to-animal transmission is unlikely or that adult animals with a competent immune system are more resistent to infection. Because the immune system in young mice is not fully developed, young mice may be more susceptible to acanthamebiasis. This opportunistic infection course is similar to that seen in natural human and animal cases. 16, 19, 24, 25, 32, 38 This is the first report of a positive isolate of Acanthamoeba sp. from a dog with granulomatous amebic encephalitis.
